0.001). The Sequential Organ Failure Assessment (SOFA) score was significantly associated with the number of RBC units transfused per patient (p = 0.006). Mortality was significantly associated with Acute Physiology and Chronic Health Evaluation II and SOFA scores, the need and duration for mechanical ventilation, and the length of stay in hospital. Conclusion: Intensivists in our center followed a restrictive transfusion practice, by adopting a low pretransfusion hemoglobin threshold. Decisions on RBC transfusions seemed in most cases to be based on a 'transfusion trigger' rather than a physiologic need.
Introduction
Anemia is common in critically ill patients. Most patients are anemic on admission to the intensive care unit (ICU), and among the few patients who have normal hemoglobin levels at presentation, nearly all become anemic during the course of their stay in the ICU [1, 2] . Several mechanisms are responsible for the development of anemia in critically ill patients, the most important of which are blood loss and blunted erythropoietic activity [3] [4] [5] .
Red blood cell (RBC) transfusion, which helps maintain adequate oxygen delivery, is the typical treatment for anemia despite the well-recognized risks [6, 7] . Studies of transfusion practices in both US and Western European ICUs indicate that nearly one half of all critically ill patients receive allogeneic blood transfusions [2, 8] . As reported by Corwin et al. [3] , when the ICU stay is 1 1 week, the transfusion incidence reaches 85%, virtually ensuring that the most severely ill patients will be exposed to allogeneic blood during their stay in the ICU.
It is common practice to maintain the hemoglobin level above 100 g/l in the critically ill, probably because high oxygen-carrying capacity and oxygen delivery is important in preventing tissue hypoxia and organ failure [3, 9] . This practice has been influenced by clinical trials which showed that maintaining supra-normal oxygen delivery in patients with established critical illness does not change outcome; however, a large, randomized trial in Canadian ICUs provided strong evidence that anemia is well tolerated by critically ill patients, and that liberal transfusion with non-leukodepleted RBC transfusion to maintain hemoglobin levels of 1 100 g/l is associated with higher mortality in some patients [10, 11] .
We therefore carried out a prospective observational cohort study to assess transfusion practice in the ICU of a general hospital in Kuwait relative to indications, pretransfusion hemoglobin level and RBC use in critically ill patients. We also aimed to examine the relationship between anemia and RBC transfusion to clinical outcome.
Subjects and Methods

Patients and Setting
This is a prospective, single-center, observational study of ICU patients, in a 15-bed ICU of Al-Amiri Hospital, Kuwait, that has an annual admission rate of 400-480 patients. This study's enrollment period was from January 2009 to February 2010, in which 475 patients were admitted to the ICU. The 2 consultants practicing in the unit were not following a protocol for specific transfusion triggers covering all patients, since there was no institutional transfusion protocol in place at the time of the study. All admitted patients, who remained in the ICU for 6 24 h and who received RBC transfusions during the study period were enrolled. Patients were followed for either 30 days or until hospital discharge or death if these occurred before day 30.
Data Collection
The following data were collected: patient demographics, admitting diagnostic categories, co-morbidities, ICU admission Acute Physiology and Chronic Health Evaluation II (APACHE II) score, ICU admission Sequential Organ Failure Assessment (SOFA) score, RBC transfusions, pretransfusion hemoglobin levels, mortality, ventilator days, ICU and hospital length of stay, and clinical complications related to transfusion episodes. A transfusion episode was defined as the transfusion event in which the patient receives blood transfusion regardless of the number of RBC units received per episode. Transfusion practice during the study period was described in terms of transfusion indications and frequency (three groups of indications were specified: hemorrhage, improve O 2 -carrying capacity, hemolysis), and pretransfusion hemoglobin level. RBC usage for each of the three indications was calculated.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics, v. 19. Quantitative variables were analyzed using descriptive statistics, including measures of location (mean for symmetrical variables and median for skewed variables). Means are represented as 8 SD, and medians are reported with their interquartile ranges (25th and 75th). Bivariate distribution was evaluated for normality using standard statistical methods and by examining distribution plots. Parametric and nonparametric measures of comparison were used for symmetrical and skewed variables, respectively. Comparisons were tested using the independent-sample t test. Correlations were tested using standard statistical methods depending on the type of outcome measures and the type of predictors. Significance for main effects was tested at the ␣ = 0.05 level. The associations between various patient characteristics and mortality in the ICU and the patient's odds of dying because of these factors were determined through logistic regression.
Results
Patient Characteristics
Of the 475 patients admitted, 99 (21%) were transfused while in the ICU. Of the 99 patients, 22 (22.22%) were also transfused after discharge from the ICU. All transfused patients had an ICU stay of 6 24 h. The 99 patients demonstrated APACHE II and SOFA scores that were consistent with the high level of illness severity which characterizes typical ICU populations. The demographics of the patients, diagnostic categories on admission and co-morbidities are summarized in table 1 . The mean age of the patients was 57.2 8 17.7 years; 27 (27.2%) were 1 70 years old, and 30 (30.3%) were ! 50 years of age. The mean ICU length of stay was 10.2 8 9.5 days (range: 1-30); 27 (27.2%) remained in the ICU for ^ 3 days, 41 (41.4%) 6 1 week, and 25 (25.2%) stayed for 6 2 weeks. Seventy-seven (74.7%) patients required mechanical ventilatory support during their ICU stay; the mean duration of mechanical ventilation was 6.2 8 8.5 days (range: 0-30) for ventilated patients. The ICU mortality rate was 24.2%.
Indications for Transfusion
All 99 patients received at least one unit of RBC transfusion during their ICU stay. Of these, 39 (39.4%) received 6 1 transfusion for hemorrhage, 55 (55.6%) 6 1 transfusion to improve oxygen-carrying capacity, and 5 (5.1%) for hemolysis. The 55 patients who received transfusion episodes to improve oxygen capacity included those with coronary artery disease, respiratory failure, chronic renal impairment, myelodysplastic syndrome, septic shock, and postoperative patients. The pretransfusion indications and transfusion parameters of ICU patients are summarized in table 2 .
Baseline Hemoglobin Level
The mean pretransfusion hemoglobin was 70.9 8 12.7 g/l (range: 31-102) on admission and 79.7 8 9.4 g/l (range: 63-105) after transfusion upon discharge from the ICU; the difference was statistically significant (p ! 0.001). The pretransfusion hemoglobin level did not have clinically meaningful differences or any significant associations with age, sex, diagnostic category, APACHE II, or baseline SOFA score.
RBC Transfusion
The RBC transfusion parameters of transfused patients in the ICU and after ICU discharge are summarized in table 3 . A total of 428 RBC units were transfused during the study period, including 388 RBC units in the ICU and 40 after discharge. Fifty-four (54.4%) patients received their first transfusion within the first 24 h of admission, with a median time to first transfusion of 0 days (median: 0.0; lower quartile: 0.0; upper quartile: 4.0) for all patients admitted to the ICU. Each patient received a median of 3 RBC units per ICU admission ( table 3 ) . Longer ICU stays were associated with more RBC units per transfusion episode per patient (p ! 0.001), but not with pretransfusion hemoglobin levels (p = 0.57). Approximately 2% of RBC transfusions were associated with transfusion-related complications. The most common transfusion-related complications reported were fever (1%) and allergic reaction (1%). There was no association between the total number of RBC units transfused and age, admitting diagnosis, co-morbidities or pretransfusion hemoglobin levels.
APACHE II and SOFA
The mean baseline APACHE II and SOFA scores were 23.5 8 7.3 and 6.7 8 3.3, respectively. There was a significant association between SOFA score on admission to the ICU and the number of RBC units transfused per patient (p ! 0.006); however, no significant association was found between APACHE II score on admission to the ICU and the number of RBC units transfused per patient (p = 0.40).
Mortality in the ICU
The mortality rate was 24.2%. It was significantly associated with APACHE II score (p = 0.006), SOFA score (p = 0.001), the need for mechanical ventilation (p = 0.001), the duration of mechanical ventilation (p ! 0.5), and the length of hospital stay (p = 0.001). However, age, admitting hemoglobin level, ICU length of stay, and number of RBC units transfused were not associated with mortality rate. There was no dose-response relationship between the number of RBC units transfused and mortality (p = 0.68). 
Discussion
We have shown that our patients in the ICU received RBC transfusion based on a restrictive transfusion strategy, with a transfusion frequency of 21%, and a mortality rate of 24.2% during the period of the study.
Anemia was very common in our patients; the mean admission hemoglobin level was 70.9 8 12.7 g/l, as anemia has been reported to be very common in critically ill patients [1] . The demographic and illness-severity data in this study indicated that our patients were admitted with high illness severity, associated with significant organ failure, and were therefore typical of our ICU patient population. However, our data are not directly comparable to other ICUs with a different case mix since there were no cardiac surgery or neurointensive care patients as these were admitted to units in separate subspecialty hospitals.
Despite the frequency of anemia in the ICU, no recent, formal guidelines exist to help clinicians. This resulted in a variable transfusion practice. For example, a Canadian survey revealed that many intensivists perform transfusions at hemoglobin levels of approximately 90 g/l with a wide variability in practice [12] . A more recent European prospective, observational study documented that anemia was common in critically ill patients, with nearly one third of patients having hemoglobin concentrations of ! 100 g/l. Approximately 40% of the cohort received transfusions during the course of their ICU stay, and the mean pretransfusion hemoglobin level was 84 g/l [1] . A similar study in the United Kingdom confirmed these observations [13] . Unlike other cross-sectional studies, we observed that RBC transfusions in our study were less frequent than previously reported (21 vs. 40-50%) [1, 2, 14] . The frequency of RBC transfusions in euvolemic patients for indications other than active bleeding (55%) was less than what was previously reported in several studies [3, 14] .
Although there was no institutional protocol for specific transfusion triggers covering all patients, we have shown that the mean RBC transfusion threshold in our ICU was 70.8 g/l, which indicates that our practice uses conservative transfusion thresholds in most patients. This is in keeping with the recommendation of the Transfusion Requirements in Critical Care (TRICC) study; however, our transfusion threshold was lower than that of several other European and Australian studies in which the transfusion practice was not as restrictive as the TRICC study protocol [1, 11, 12, 15] . There was no significant variation in pretransfusion hemoglobin levels, which suggests that the transfusion behavior seemed to be based on the trigger rather than the indication, as reported in several previous studies [2, 3] . Such a practice might be an effective strategy to lower the frequency and amount of blood transfusion [16] [17] [18] [19] . The pretransfusion hemoglobin level in our study is the lowest among the thresholds used in ICU practice since the publication of the TRICC study, and therefore, represents successful implementation of evidence-based transfusion practice into the complex ICU clinical setting [1, 2, 11, 14, 20] . It was also noticed that those patients who were transfused following their discharge from the ICU had a pretransfusion hemoglobin level trigger significantly higher than that adopted in the ICU. This practice could be related to the liberal transfusion practice that is commonly adopted in medical and surgical wards. In view of the lack of an institutional transfusion protocol, however, this practice did not allow us to document the duration of anemia after discharge from the ICU, or the factors that influence it. The frequency of transfusionrelated complications was very low in the present study, probably due to the use of leukocyte-depleted cellular blood components.
The mortality rate in our study was slightly higher than that reported in the TRICC study but similar to other previous reports [11, 21] . Mortality rates differed significantly by organ failure, consistent with previous reports [1] . However, unlike mortality rates in the TRICC study, mechanically ventilated patients in our study were more likely to die compared to those who were not ventilated. Ventilation increased the risk of dying by a factor of 1.46; however, patients' variables were not matched.
There was no significant association between mortality rates and pretransfusion hemoglobin level. Also, a significant dose-response relationship with increasing mortality rates was not observed as the number of transfusion episodes or RBC units transfused increased. Studies have reported conflicting data regarding the relation of blood transfusion to mortality, with some studies suggesting increased [1, 2, 11] and others suggesting decreased [22, 23] short-term mortality with transfusion. More recent reports suggest that blood transfusions may no longer be associated with increased mortality rates and may be associated with improved survival [20, 24, 25] . Possible explanations of these discrepancies include the use of leukocyte-depleted cellular blood products and the adoption of a restricted transfusion strategy. A randomized controlled study will be needed to confirm these findings.
Conclusion
Intensivists in our center followed a restrictive transfusion practice, by adopting a low pretransfusion hemoglobin threshold. Decisions on RBC transfusions appear in most cases to be based on a 'transfusion trigger' rather than a physiologic need.
